1. Introduction
===============

Visual impairment has become a global challenge, especially for developing countries.^\[[@R1],[@R2]\]^ In recent decades, the prevalence of low vision has increased in China especially among youth population, and the continuing increase in the prevalence of myopia has become an important public health issue.^\[[@R1]\]^ The subnormal visual acuity has serious effects not only on a person\'s mentality and physicality but also on their capability of learning and solving problems, as well as activities of daily living, obtaining employment, and the quality of life.

With the remarkable economy and lifestyle change in China, people\'s living condition has been greatly improved. However, the popularity of electronics and electronic entertainment also lead to a general decline of visual acuity.^\[[@R3],[@R4]\]^ Furthermore, the increasing learning burden among students and the unhealthy lifestyles have aggravated the prevalence of subnormal visual acuity especially among youth population. Population-based health studies are indispensable to the understanding of the prevalence and causes of disease, and the findings often direct medical research priorities and inform evidence-based policy on resource allocation.^\[[@R5]\]^ However, most of the existing studies were conducted in local regions with limited sample size, which could not provide sufficient information on subnormal visual acuity in China.^\[[@R6]\]^ Therefore, updated information and trends on the prevalence of subnormal visual acuity are essential to quantify health effects and to prompt decision makers to prioritize action and assess the effectiveness of measures. The study aimed to analyze the characteristics and trends of visual acuity level, and their relationship to economic level among young men in China based on the examination data from a series of national surveys from 1974 to 2012, and to provide evidence for disease control and prevention and highlight important implications for policy making.

2. Methods
==========

2.1. Data source and participants
---------------------------------

Candidates for military service were recruited for the 3 national surveys conducted in November 1974, 2001, and 2012 in China. The surveys employed a stratified cluster sampling method to select locations among counties or cantons in mainland of China. According to population, geography, and local economy, several counties or cantons in each selected province were designated as sampling locations. This strategy resulted in the coverage of all provinces, autonomous regions, and municipalities in China except the Hong Kong Special Administrative Region, Macao Special Administrative Region, and Taiwan.

The data of the participants were excluded from the study if they were of minority (non-Han) nationality, female, or disabled. Except for the analysis of the relationship between age and visual acuity level using 2012 data, participants aged \<18 years and \>21 years were also excluded from the analysis to make the age range concordant with the 1974 survey for comparison purposes. The Ethics Committee of the Air Force Medical University (Fourth Military Medical University) approved this study, and all participants provided informed consent prior to study participation. Furthermore, all methods were performed in accordance with the relevant guidelines and regulations.

2.2. Examination indicators
---------------------------

The investigators included medical researchers, physicians, nurses, and technicians who were trained to use uniform training documents prior to the survey. In each survey location, each staff has been allocated for the measurement or examination of a specific item. The visual acuity was measured using a logarithm of the minimum angle of resolution (logMAR) chart by ophthalmologists, which is the "gold standard" by which the outcomes of the vast majority of clinical trials or interventions were assessed, and each eye was measured separately (using the Standard for Logarithmic Visual Acuity Charts, GB 11533-1989, GB/T 11533-2011 of the Standardization Administration of the People\'s Republic of China).^\[[@R7]--[@R9]\]^

Examinations were conducted in a well-lit bright locale, with no direct sunlight or shadows. All the results used the uncorrected visual acuity (UCVA). The subnormal visual acuity was defined as binocular visual acuity under 1.0. All measurement data were recorded in field and ultimately transferred to the study center.^\[[@R9]--[@R12]\]^

2.3. Gross domestic product
---------------------------

To address the relationship between UCVA and gross domestic product (GDP), data on average GDP per person in each province or autonomous region and municipality were obtained from China\'s statistical yearbook.^\[[@R13]\]^

2.4. Statistical analysis
-------------------------

The EpiData 3.1 (EpiData Association, Odense, Denmark) was used for data entry and management, and the SPSS 17.0 for Windows (SPSS Inc, Chicago, IL) was used for statistical analyses. The Chi-squared test and the analysis of variance were used for comparison among groups as suitable, and the Spearmen correlation analysis was used to analyze the relationship between the UCVA and age, and between the subnormal visual acuity and GDP after weighting by the population average. A *P* \< .05 was taken to indicate statistical significance.

The data sets generated during and/or analyzed during the present study are available from the corresponding author on reasonable request.

3. Results
==========

In 1974, data were collected from a total of 139,929 participants in 120 selected counties. In 2001, 100 survey points (counties or cities) were selected from all areas in mainland of China and a total of 81,193 participants were included. In 2012, 101 survey points were included, and data were collected from 58,076 young male participants. As for the final analysis, a total of 118,092, 69,776, and 57,969 participants were included from the 3 national surveys, respectively.

The prevalence of different visual acuity levels among young men had significant difference among the 3 national surveys (*P* \< .001). The percentage of young men with UCVA above 1.0 on both eyes continued to decline from 96.17% in 1974 to only 49.77% in 2012 (Table [1](#T1){ref-type="table"}). The UCVA among young men differed among different geographic regions. It was lower in the Eastern and Central areas, such as in Jiangsu Province and in Shanghai City; and higher in the southwestern area, including Guizhou Province and Tibet autonomous regions (Fig. [1](#F1){ref-type="fig"}).
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The visual acuity level distribution in the 3 surveys.
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![Percentage of young men with visual acuity of both eyes above 1.0 in the 3 national surveys in China.](medi-98-e13966-g002){#F1}

In 2012, significantly negative correlation was found between UCVA and age among young men aged 17 to 23 years in all areas and in rural areas for both left and right eyes (all *P* \< .001), and no statistical difference on visual acuity level was found between the urban and rural areas (*P* \> .05 for both left and right eyes) (Fig. [2](#F2){ref-type="fig"}). Furthermore, statistical significant difference was found on the UCVA of different educational levels among young men (all *P* \< .05), and the young men with university or above educational levels had lower UCVA than those with senior high school or below educational levels (4.9 ± 0.3 vs 4.8 ± 0.2, *P* \< .001).

![The visual acuity of young men with age of 17 to 23 years in all, urban, and rural areas in the 2012 survey in China. For each age of year, the median with interquartile range of visual acuity was presented. The Spearman correlation analysis showed significant negative correlation between the visual acuity and age among young men in all areas and in rural areas (*P* \< .001 for both left and right eyes). No statistical difference on visual acuity level was found between urban and rural areas (*P* \> .05 for both left and right eyes).](medi-98-e13966-g003){#F2}

Furthermore, there had significantly negative correlation between the prevalence of normal visual acuity among young men and the average GDP levels among different regions (*r* = --0.564, *P* = .001, and *r* = --0.591, *P* \< .001, for the left and right eyes, respectively) (Fig. [3](#F3){ref-type="fig"}).

![Relationships between the visual acuity and the GDP in 2012. Correlation coefficients between the visual acuity and the GDP in 2012 (weighted by population average) are *r* = --0.564 (*P* = .001) and *r* = --0.591 (*P* \< .001), for the left and right eyes, respectively. BJ = Beijing, CQ = Chongqing, FJ = Fujian, GD = Guangdong, GDP = gross domestic product, GS = Gansu, GX = Guangxi, GZ = Guizhou, HA = Henan, HB = Hubei, HE = Hebei, HI = Hainan, HL = Heilong-Heilongjiang, HN = Hunan, JL = Jilin, JS = Jiangsu, JX = Jiangxi, LN = Liaoning, NM = Inner Mongolia, NX = Ningxia, QH = Qinghai, SC = Sichuan, SD = Shandong, SH = Shanghai, SN = Shaanxi, SX = Shanxi, TJ = Tianjin, XJ = Xinjiang, XZ = Tibet, YN = Yunnan, ZJ = Zhejiang.](medi-98-e13966-g004){#F3}

4. Discussion
=============

The study found an overall significantly declining trend on the UCVA level among Chinese young men from 1974 to 2012 at national level, and it was found with diversity among geographic regions in mainland of China. From different geographical regions, the overall vision level of Chinese young men was lower in the coastal and middle areas, and higher in the southwest areas. Analysis of the data of 2012 survey showed that the vision level decreased with age among Chinese young men aged 17 to 23 years, and statistical significant difference was found among different educational levels. Furthermore, the prevalence of subnormal visual acuity among young men was significantly negatively correlated with the average GDP levels among different regions.

The results of the study showed the worse trend of the visual acuity level among Chinese young men between 1974 and 2012, and the high prevalence of low visual acuity level would definitely influence their school performance, functioning, physical, and life quality.^\[[@R3],[@R4]\]^

Although the cause of the reduced visual acuity is divers, it is no more than the genetic and environmental factors, and the latter is the main and common one. Heredity cannot be changed, but environment factors can be improved. The relation between environmental factors and visual acuity had been explored, and these environmental factors primarily focused on education, sight, nourishment, health habit, economic, etc. Studies have demonstrated an age-related loss in visual acuity with increasing age.^\[[@R14]\]^ In 2005, prevalence rates of reduced visual acuity for urban schoolboys aged 7 to 10, 10 to 13, 13 to 16, and 16 to 18 in China were 25.6%, 40.7%, 61.0%, and 74.9%, respectively, and those for rural were 14.0%, 21.9%, 39.1%, and 63.7%, respectively,^\[[@R15]\]^ which were accordant with the results of our study. With the remarkable improvement on economy in China, people\'s living condition and life standard have been greatly improved. However, it is a common phenomenon that the incidence of myopia among students is gradually increased by the continually tightening lens and the fatigue spasm of the ciliary muscle under the heavy learning load. It would make the eyes overloaded due to the wrong posture of reading, surfing the Internet, watching TV, playing game through electronic devices including Pad or mobile phones, etc, for a long period of time. Furthermore, other factors, such as lack of outdoor activities and physical exercise, also affect the situation. Meanwhile, with the development of society and economy, facing the pressure from the stressful work and life in the competitive society in China today, Chinese young men were more likely to neglect their eye problems, which may also result in the higher risk of subnormal visual level.^\[[@R16]\]^ Except for showing the characteristics and the worse trend of the visual acuity level among Chinese youth, it is important to raise public awareness on eye health care, and the centers for disease control and prevention and related departments should focus on strategies development and take actions to effectively prevent the deteriorated situation and improve visual acuity outcomes.

A markedly geographic heterogeneity on the prevalence of subnormal visual acuity was showed among the eastern coastal areas, central, and western areas in China. Furthermore, the results confirmed the existence of negative correlation relationship between economy development and the prevalence of normal visual acuity across the 31 provinces, autonomous regions, and municipalities in mainland of China. It presented similar results as a study in Shanghai of China and others from Asian countries, which showed a high myopia prevalence and much of the vision impairment was likely to be due to myopia.^\[[@R17]--[@R19]\]^ Studies had showed that by 2050, nearly 10% of the global population will have high myopia with the prevalence being much higher in Asian countries.^\[[@R20]\]^ In addition, the prevalence of high myopia is already high in many parts of Asia and is one of the leading causes of vision impairment and blindness in adults.^\[[@R21]--[@R24]\]^

The study also had several limitations. Firstly, the study data were collected from the 3 examination surveys conducted between 1974 and 2012, and many factors influencing results might not be the same over this long-time span. However, all 3 surveys were conducted by a stable academic study team. Furthermore, the survey design and procedure, including sampling method, outcome measurement, and data collection, were kept consistent to the greatest extent possible overtime, facilitating the comparison of results. Secondly, the regions of participants were not completely consistent in 3 surveys, which may have produced results that deviate slightly from the real values. In 1974, data were collected from a total of 139,929 candidates in 120 selected points. The summarized data instead of the original examination data of the 1974 survey were available due to the long period of time. However, the estimation was based on a large sample, and this potential deviation was small enough to be ignored; hence, the result can be considered acceptable for use in the present study. Furthermore, in the study, the subjects were military recruit male youth, as for the proportion in urban/rural, they were accordant with those of the whole social youth in China. Therefore, the results could reflect the whole country\'s visual acuity status of male youth. Regardless of these limitations, the study was based on a large, representative population-based sample covering all provincial areas of mainland of China, which provided a new and broader understanding of low vision across long period of time at the national level for the 1st time.

5. Conclusion
=============

The visual acuity level among Chinese young men decreased significantly with economic development from 1974 to 2012 with distinct variation among geographic regions in China. Furthermore, subnormal visual acuity was increasingly prevalent with age among young men, which warrants attention by general public and policy makers. Public health interventions and evidence-based policy should be considered and made to effectively prevent the deteriorated situation and improve visual acuity outcomes.
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